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(54) Process assessment tool, process assessment method, and medium storing the method 



(57) A process assessment tool and a process as- 
sessment method are disclosed to allow a design of a 
manufacturing process to reduce environmental loads. 
The process assessment tool comprises: a data input 
unit having a section data input, a step data input, and 
a consumed material input; a data processing unit con- 
nected to an electric power environmental load data- 
base ; a fossil fuel environmental database, and a ma- 
terial environmental database; and a display unit pro- 



viding a cumulative graph, a pie graph, and a radar 
chart. Environmental loads including energy consump- 
tion, carbon dioxide, sulfur oxides, nitrogen oxides and 
others are calculated with data entered at the data input 
unit and data from the databases connected to the data 
processing unit. Displaying the calculation in a visual 
form at the display unit provides the design of the man- 
ufacturing process with the useful information, and al- 
lows the design to reduce environmental loads of the 
manufacturing process. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a process as- 
sessment tool and a process assessment method eval- 
uating a load a manufacturing process for industrial 
products puts on the environment, and a storage medi- 
um storing the method. 

BACKGROUND OF THE INVENTION 

[0002] At present, environmental consideration has 
been very important in a manufacturing process for in- 
dustrial products. Electrical energy is mainly used as 
power source or heat source, so-called secondary en- 
ergy, in current production plants. In addition, design of 
manufacturing process has usually placed emphasis on 
cost reduction in industry. 

[0003] But, recently, there has been a growing interest 
in global environmental preservation. Therefore, it* is in- 
dispensable that reduction of energy consumption and 
reduction of emissions of global warming gases and 
acidification gases arc considered simultaneously. 
[0004] As a result, it is important for a planned process 
or a current process: to perform simulation namely proc- 
ess assessment of an impact i.e. a load the process may 
put on the environment; to extract problems from the 
process; and to consider measures for improvement. 
[0005] A cogeneration system (Hereinaftercogenera- 
tion system is referred to as SYSTEM.) is a system pro- 
viding a part of electrical energy necessary for produc- 
tion from a private power generator using gas or oil. Fur- 
thermore, use of waste heat from the power generator 
will allow the system to reduce energy consumption. A 
total energy conversion efficiency of SYSTEM using gas 
as fuel is usually 70 to 80 %, so that an environmental 
load is expected to lower by using SYSTEM. 
[0006] But, in the manufacturing process, it was usu- 
ally difficult to optimize a ratio between power pur- 
chased and power produced by the private power gen- 
erator. 

[0007] Factors of the environmental load are de- 
scribed, for example, as follows: i) an energy amount 
which is used to produce secondary energy such as 
electricity and town gas used for a manufacturing proc- 
ess by using primary energy such as natural gas, heavy 
oil, light oil, lamp oil, gasoline, coal, and wood; 

ii) an emitted amount of environmental load mate- 
rials such as carbon dioxide (C0 2 ), nitrogen oxides 
(NOx), sulfur oxides (SOx) : which are produced 
when the secondary energy is generated and uti- 
lized by using the primary energy. 
But, a method of power generation namely a power 
source construction varies depending on a differ- 
ence among electric power companies (supplier), 
and a difference among areas electric power is sup- 



plied to (service area). Therefore, amounts of envi- 
ronmental load emissions and the component per- 
centages also vary according to an electric power 
company and an area electric power is supplied to. 

5 

[0008] If the environmental load of manufacturing 
process will actually be calculated: it would be difficult 
for the load to be correctly calculated, because so many 
factors of the load are combined each other in complex- 
10 ity. 

[0009] On the other hand, for an environmental load 
of manufacturing process to be improved, it is necessary 
that an environmental load of each step (operation or 
process), which constitutes a manufacturing process, 
15 should be considered. But, many manufacturing proc- 
esses have more than 100 steps. Components of a 
product could be often manufactured in a variety of 
plants. This as well makes an assessment of an envi- 
ronmental load difficult. 

20 

SUMMARY OF THE INVENTION 

[001 0] The object of the present invention is to assess 
a real manufacturing process, and provide a process as- 
25 sessment tool, which allows a process design aiming at 
lowering an environmental load. 

[001 1 ] First, to accomplish the object, a tool is neces- 
sary for a process assessment of the present invention 
assessing a load a manufacturing process for an indus- 
30 trial product puts on the environment. The tool compris- 
es the following elements: 

(a) a database storing data of a first environmental 
load corresponding to each energy source, whose 

35 consumption produces the first environmental load; 

(b) a data input unit, into which data of condition of 
the manufacturing process forthe industrial product 
is entered; 

(c) a data processing unit calculating a second en- 
40 vironment load the manufacturing process for the 

industrial product produces, by using the data en- 
tered into the data input unit and the data stored in 
the database; and 

(d) a data output unit for outputting a result calcu- 
4 $ lated by the data processing unit 

[0012] Second, a method for a process assessment 
for an industrial product of the present invention. This 
method assesses a load a manufacturing process puts 
50 on the environment, by using a database storing data of 
an environmental load corresponding to each energy 
source, whose consumption produces the environmen- 
tal load. The method comprises steps of: 

55 (a) inputting a condition of the manufacturing proc- 

ess for the industrial product; 
(b) calculating a second environmental load the 
manufacturing process for the industrial product 
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produces, by using the condition of the manufactur- 
ing process and data of a first environmental load 
included in the database; and 
(c) displaying a result the step (b) calculates. 

5 

[0013] Third, a storage medium storing a program a 
computer runs to perform the method. 
[001 4] The tool, the method, and the storage medium 
of the present invention provide useful information to a 
manufacturing process design, which aims to reduce an 10 
environmental load of manufacturing process, and con- 
tribute to accomplish the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0015] FIG. 1 is a block diagram illustrating a process 
assessment tool in accordance with a first preferred em- 
bodiment of the present invention. 
[0016] FIG. 2 illustrates a layout and an operating 
state of an input screen for section data in accordance 20 
with the first embodiment of the present invention. 
[0017] FIG, 3 illustrates a layout and an operating 
state of an input screen for manufacturing process step 
data in accordance with the first embodiment of the 
present invention. 25 
[0018] FIG. 4 illustrates a layout and an operating 
state of an input screen for consumed material in ac- 
cordance with the first embodiment of the present inven- 
tion. 

[0019] FIG. 5 illustrates a layout and an operating 30 
state of an output screen displaying a cumulative graph 
in accordance with the first embodiment of the present 
invention. 

[0020] FIG. 6 illustrates a layout and an operating 
state of an output screen displaying a pie graph in ac- 35 
cordance with the first embodiment of the present inven- 
tion. 

[0021] FIG. 7 illustrates a layout and an operating 
state of an output screen displaying a radar graph in ac- 
cordance with the first embodiment of the present inven- 40 
tion. 

[0022] FIG. 8 shows main emissions emitted when 
each electric power company generates electricity, and 
other main emissions emitted from all stages from min- 
ing to use of natural gas. 45 
[0023] FIG. 9 shows C0 2 emissions which are com- 
pared with a ratio of power of a private generation to 
power supplied from each of the three electric majors 
into a cogeneration system. 

[0024] FIG. 1 0 shows SOx emissions which are com- so 
pared with the ratio of power of the private generation 
to power supplied from each of the three electric majors 
into the cogeneration system. 

[0025] FIG. 1 1 shows a result in simulation of C0 2 cu- 
mulative emission with the ratioof the private generation 55 
changed. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] An assessment of an environmental load of a 
manufacturing process is performed for a real manufac- 
turing process with a tool and a method for a process 
assessment of the present invention. Furthermore, to 
make possible a manufacturing process design, which 
aims to reduce an environmental load of manufacturing 
process, the present invention performs an analysis on 
energy with various conditions considered, and makes 
an adequate simulation possible. Hereinafter, preferred 
embodiments of the invention are described with refer- 
ence to the accompanying drawings. 

(First Embodiment) 

[0027] FIG. 1 is a block diagram illustrating an outline 
of a process assessment tool in accordance with the 
present invention. Data input unit 1 comprises section 
data input 2, step data input 3, and consumed material 
data input 4, where "section" refers to a place where 
manufacturing is performed, and "step" means individ- 
ual operation or process which constitutes a manufac- 
turing process. 

[0028] A condition of a section is entered at section 
data input 2. A condition of a step is entered at step data 
input 3. Necessary information for calculation about a 
consumed material is entered at consumed material in- 
put 4. 

[0029] Data processing unit 5 is connected to electric 
power environmental load database 6, fossil fuel envi- 
ronmental load database 7, and material environmental 
load database 8. 

[0030] Electric power environmental load database 6 
has: i) power source data collected based on one of en- 
ergy supplier basis and energy service area basis; and 
ii) data of an environmental load constructed on power 
generation source basis. 

[0031 ] Fossil fuel environmental load database 7 has 
data as environmental load factor, as follows: 

i) an energy amount which is used to produce sec- 
ondary energy such as electricity and town gas 
used for a manufacturing process by using primary 
energy such as natural gas, heavy oil, light oil , lamp 
oil, gasoline : coal, and wood; 

ii) an emitted amount of environmental load mate- 
rials such as carbon dioxide (CQ 2 ), nitrogen oxides 
(NOx), sulfur oxides (SOx), which are produced 
when the secondary energy is generated and uti- 
lized by using the primary energy. 

[0032] Material environmental load database 8 has: 

i) data of environmental load produced from stages 
from mining to use of a material, corresponding to 
the material used for manufacturing; and 
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ii) data of environmental load produced by a cause 
that material is consumed. 

Data processing unit 5 performs calculating and 
processing with each information entered at data input 5 
unit 2, and data from electric power environmental load 
database 6, fossil fuel environmental load database 7, 
and material environmental load database 8. Data out- 
put unit 9 receives the result of the processing, and per- 
forms displaying cumulative graph 1 0, pie graph 1 1 , and 10 
radar graph 12. 

[0033] There are specific input items for section data 
input 2, step data input 3, and consumed material data 
input 4, as follows. 

[0034] When an operator selects an item, the operator 15 
selects one item from a pull down menu, or one of check- 
boxes. 

[0035] The operator enters a numerical value, a sym- 
bol, a word, a sentence and other specific information 
into their respective input fields. 20 

1 ) Section data input 2 

[0036] FIG. 2 illustrates an input screen, with which 
an operator enters data of a manufacturing place (sec- 25 
tion) for an arbitrary step of a manufacturing process in 
the same electric power supply system. As mentioned 
before, "step" refers to an individual operation or proc- 
ess which constitutes a manufacturing process. Infor- 
mation entered here includes, production condition 13 30 
including operating time, electric power company 14, 
amount of electric power purchased 1 5, amount of fossil 
fuel 16 for a private power generation, amount of gen- 
erated electricity 17 by the private power generation, 
and gas company 1 8. On the basis of contents entered 35 
above, the process assessment tool makes access to 
built-in electric power environmental load database 6, 
fossil fuel environmental load database 7, and material 
environmental load database 8. Then, the tool calcu- 
lates environmental load amount of C0 2 , NOx, SOx and 40 
other emissions and wastes according to power electric 
company 14 and gas company as energy sources, and 
amount of electric power purchased 15 and amount of 
fossil fuel used 16. 

45 

2) Step data input 3 

[0037] FIG. 3 is an illustration of an input screen, with 
which the operator enters a condition for an arbitrary 
step of a manufacturing process. 50 
[0038] After the operator enters step classification 
code 1 9, the process assessment tool displays automat- 
ically step number 20, supplementary number 21 , and 
step code 22. Then, the operator enters step name 23 
and an applicable class a process of the step fits into in 55 
the field of step classification 24. 
[0039] Each step uses manufacturing facilities. It is 
very difficult to know electric power consumption for in- 



dividual piece of facilities in a real plant. Therefore, rated 
power 25, duty factor 26, and ratio to full-power 27 for 
each device in each step are entered. Then, an effective 
value of power consumption for each step (not shown 
in the figure) using applicable devices is estimated. 
[0040] Next, power consumption for each step (not 
shown in the figure) is calculated from: a ratio of an in- 
dividual effective value of power consumption for the 
step to a sum of effective values for the same section; 
and a total of an amount of electric power purchased 15 
for the section in FIG. 2 and an amount of generated 
electricity 17 of a private power generation. Further- 
more, if data is entered in the field of amount of gener- 
ated electricity 17 in FIG. 2, the operator selects "used 
" of SYSTEM use situation from "used" and "unused" in 
the box of cogeneration used 28 in the input screen in 
FIG. 3 to enter conditions of steps. The operator enters 
an amount of fossil fuel used in each step individually, 
in the box of power other than electricity 29. 

3) Consumed material data input 4 

[0041] FIG. 4 illustrates an input screen, with which 
the operator enters information about a material con- 
sumed (used) in each step. The operator enters an ap- 
plicable step name code, which is one of codes dis- 
played in the box of step code table 30, in the field of 
step code 31 Next, the operator selects an applicable 
material from the box of material environmental load da- 
tabase 32 and enters the material in the field of material 
used 33. The operator enters consumption of the mate- 
rial at the target step in the field of consumption 34 and 
unit as standard in the field of unit 35. After the opera- 
tions, the process assessment tool calculates amounts 
of the emissions and wastes per unit weight of the ma- 
terial used, and displays them in the box of emitted ma- 
terial display 36. 

[0042] After operations of the articles 1), 2), and 3) 
mentioned above, the process assessment tool calcu- 
lates and processes data prepared above in the fields 
and others into energy consumption of each step and 
amounts of emissions. This calculation result makes 
clear which step emits the highest level environmental 
load and allows comparison among numerical values of 
the loads to be possible. 

[0043] Next, to make consideration on reduction of 
environmental loads of the manufacturing process more 
efficient, a cumulative graph display illustrated in FIG. 5 
is used. In the figure, the horizontal axis shows step 
code 37 corresponding to each step, and the vertical ax- 
is shows cumulative environmental load 38, which is the 
integral of the environmental load with respect to step 
code 37, where the environmental loads are energy con- 
sumption, C0 2 , NOx, SOx, and others. FIG. 5 is an ex- 
ample that the vertical axis is C0 2 emission. 
[0044] This makes clear which step increases the en- 
vironmental load more steeply than other steps, show- 
ing a ratio of a specific step's CO s emission to total C0 2 
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emission, and makes clear which step should reduce 
C0 2 emission. There is another utility. A ratio of the en- 
vironmental load until specific step to the total environ- 
mental load provides consideration about reuse or re- 
cycle with some information for a plant to decide the spe- 
cific step, from which reuse or recycle should be started. 
[0045] Furthermore, to make consideration on reduc- 
tion of environmental loads of the manufacturing proc- 
ess more efficient, a circular split graph display illustrat- 
ed in FIG. 6 is used. This graph illustrates ratios of en- 
vironmental loads of step classes to the total environ- 
mental load. Environmental load of this figure is calcu- 
lated from energy consumption, and emissions such as 
C0 2 , NOx, and SOx. 

[0046] This makes clear which step class has the 
highest environmental load. With similar plural steps 
combined into a step class, this result is reflected to a 
manufacturing process design required to consider re- 
duction of environmental load. 

[0047] Furthermore, to make consideration on reduc- 
tion of environmental loads of each step in the manu- 
facturing process more efficient, a radar graph display 
illustrated in FIG. 7 is used. The radar graph has plural 
radial axes, which are corresponding to plural environ- 
mental load factors respectively. Ratios of environmen- 
tal loads of the environmental load factors in a target 
step to the total environmental load of environmental 
load factors in the manufacturing process are plotted on 
the axes respectively. Here, the environmental load fac- 
tors are energy consumption and amounts of C0 2r NOx, 
SOx, and other emissions. Step environmental load line 
39 consists of lines connecting the adjacent plots. When 
the target step uses only electric power purchased, the 
ratio of a environmental load of a environmental load 
factor in a target step is similarly plotted, and the lines 
connecting the plots similarly makes purchased electric- 
ity environmental load line 40. Therefore, if all energy 
the manufacturing process consumes is electric power 
purchased, step environmental load line 39 and pur- 
chased electricity environmental load line 40 overlap 
one another. If SYSTEM uses a private power genera- 
tion, step environment load line 39 deviates from pur- 
chased electricity environmental load line 40. Line 39 
deviating from line 40 to outer side shows that the envi- 
ronmental load factor plotted should be improved. 
[0048] This graph makes each situation of plural en- 
vironmental load factors clear. This result is useful for a 
course of reduction of an environmental load in each 
step to be devised. If this operation is performed for all 
steps, information for reduction of environmental loads 
of all processes can be obtained. 

[0049] Furthermore, with these methods stored as a 
software program, running the program on a computer 
produces the same functions and advantages. 

(Second Embodiment) 

[0050] An embodiment relating to a design of a man- 
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ufacturing process is described. A manufacturing proc- 
ess is going to use a SYSTEM (cogeneration system), 
and the design aims at reduction of environmental load 
by using this process assessment tool of the present in- 
5 vention. The embodiment assumes as follows. Total 
electric power the manufacturing process requires is 
1000 kWh. The electric power the process requires con- 
sists of electric power purchased and electric power 
from private power generation using gas. The process 

10 can directly use thermal energy 25% of all energy. 
[0051] Conditions of SYSTEM are: the private power 
generation uses natural gas; generation efficiency is 
30%; and a 40% of waste heat is used. The embodiment 
investigates a carbon dioxide (C0 2 ) emission as an en- 
's vironmental load material emitted in the case that SYS- 
TEM is used. Carbon dioxide (C0 2 ) is one of environ- 
mental load materials and is one of global warming ma- 
terials. Therefore, it is urgently required to be reduced. 
[0052] Meanwhile, the embodiment does not consider 

20 initial investmentf orconstruction of facilities and others. 
[0053] There is a report about consideration and cal- 
culation result of C0 2 and other environmental load ma- 
terials such as sulfur oxides (SOx) and nitrogen oxides 
(NOx) produced by power plants of electric power com- 

25 panies. FIG. 8 indicates the result. (References: Matsu- 
no et. al., The Journal of The Institute of Energy of; Ja- 
pan, 77(12), 1162(1998)) There is another report about 
emissions from all stages from mining to use of natural 
gas. FIG. 8 indicates it, too. (References: BUWAL250 

30 Environmental Series No.250 Life Cycle Inventories for 
Packaging, Swiss Agency for the Environment, Forests 
and Landscape (SAEFL), Bern, Switzerland (1998)) 
[0054] FIGs 8 shows that C0 2 , SOx, and NOx emis- 
sions vary depending on the electric companies. FIG. 9 

35 indicates a C0 2 emission which SYSTEM produces us- 
ing waste heat from a private power generation, and the 
C0 2 emission is estimated with the C0 2 values of E, F, 
and G companies and natural gas shown in FIG. 8. 
[0055] In FIG. 9, the longitudinal axis shows total 

40 amount of C02 emission 41 calculated with a ratio of 
private power generation, and the horizontal axis shows 
ratio of private power generation 42 referring to the ratio 
of private power generation. 

[0056] In the figure, curves 43, 44, and 45 show C0 2 
45 emissions from SYSTEM using power companies E, F, 
and G respectively. It shows that if any electric company 
is used for SYSTEM, it is useful to use this SYSTEM for 
reducing C0 2 . Curve 45 of company G shows that C0 2 
is reduced with increasing the ratio of private powergen- 
50 eration. But, curves 43 and 44 have minimum points, 
accordingly, after the ratios pass by the points, C0 2 
emissions of the two companies increase respectively. 
[0057] The minimum point appears at a ratio of private 
power generation, where used waste energy from the 
55 private power generation is equal to thermal energy 
which can be used directly at the manufacturing proc- 
ess. 

[0058] In comparison of the data between companies 
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E and F whichSYSTEM put to use, a decrease of C0 2 
emission until the minimum point on E company's curve 
43 is higher than that on F company's curve 44. There- 
fore, it is preferable that SYSTEM put company E to use 
positively. 

[0059] When SYSTEM puts company F to use, a de- 
crease of C0 2 emission until the minimum point on com- 
pany F's curve 44 is not so high, but an increase rate of 
C0 2 after the minimum point is high. Therefore, it is 
shown that when the manufacturing process purchases 
electric power from company F, the private power gen- 
eration should not produce higher electric power than 
an amount the manufacturing process can directly con- 
sume. 

[0060] SOx and NOx emissions have the same ten- 
dencies as C0 2 emission. Next, FIG. 10 shows a result 
in consideration of SOx emission with the assessment 
tool. 

[0061] In FIG. 10, the longitudinal axis shows total 
amount of SOx emission 46 calculated with a ratio of 
private power generation, and the horizontal axis shows 
ratio of private power generation 42 referring to the ratio 
of private power generation. In the figure, curves 47, 48, 
and 49 show SOx emissions from SYSTEM using power 
companies E, F, and G respectively. 
[0062] The consideration described above implies 
that SYSTEM is useful means to reduce environmental 
road. But, consideration on a influence a manufacturing 
process putting on the environmental makes clear that 
a use ratio of private power generation depends on a 
electric power company, from which the manufacturing 
process purchases electric power, accordingly depends 
on a location of the manufacturing process. Therefore, 
the consideration makes clear that a design of a manu- 
facturing process should be reviewed on a location ba- 
sis of the process. 

[0063] FIG. 11 shows a result the process assess- 
ment tool of the invention calculates with a condition of 
the manufacturing process and with ratios of private 
power generation changing. In the figure, the longitudi- 
nal axis shows cumulative C0 2 emission 50 which is the 
integral of C0 2 emission with respect to step code, and 
the horizontal axis shows step code 37 referring to the 
step code. In the figure, ratios of private power genera- 
tion in SYSTEM are 0%, 20%, and 40%. 
[0064] In the figure, curves 51 , 52, and 53 show ratios 
0%, 20%, and 40% of private power generation respec- 
tively. FIG. 11 shows that C02 emissions cumulated 
with step differ among ratios of private power genera- 
tion. The figure implies that when SYSTEM is used, an 
environmental load decreases in a condition that a ratio 
of private generation is below 20%, and increases in a 
condition that the ratio is above 20%. 
[0065] As mentioned above, consideration of environ- 
mental load with the process assessment tool of the 
present invention provides useful information to reduce 
environmental load. 

[0066] Real manufacturing processes run not always 
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in a limited location, but in various locations distributed, 
so that a process assessment for a manufacturing proc- 
ess in the various locations should be able to be per- 
formed. This assessment tool: fits this need; can enter 
a specific location, where a manufacturing process runs, 
for the process; and can perform a assessment for the 
process speedily and precisely. As a result, the tool 
makes easy the assessment of a measure the manu- 
facturing process should take to reduce environmental 
loads. Furthermore, the tool provides the manufacturing 
process with a course of reduction of environmental 
loads in the future. 

[0067] Furthermore, with these methods stored as a 
software program, running the program on a computer 
provides the same functions and result. 
[0068] As mentioned above, the present invention 
can provide a guideline for a ratio of private power gen- 
eration to purchased power to be optimized, and a es- 
timation of energy consumption and emissions such as 
carbon dioxide, nitrogen oxides, and sulfur oxides. 
[0069] Furthermore, the present invention can be ap- 
plied to a manufacturing process having so many steps, 
and another manufacturing process having steps in var- 
ious locations distributed, to perform an analysis easily 
and to show the result visually. Therefore, the invention 
makes easy an assessment of a measure the manufac- 
turing process for reducing environmental loads. 
[0070] As a result, the present invention provides a 
design of the manufacturing process with a course of 
reduction of environmental loads in the future. 



Claims 

35 1. A process assessment tool for assessing a load a 
manufacturing process for an industrial product 
puts on the environment, said process assessment 
tool comprising: 

(a) a database for storing data of a first envi- 
ronmental load corresponding to each energy 
source, whose consumption produces the first 
environmental load; 

(b) a data input unit, into which data of condi- 
tions of said manufacturing process for the in- 
dustrial product is input; 

(c) a data processing unit for calculating a sec- 
ond environment load said manufacturing proc- 
ess for the industrial product produces by using 
the data entered into said data input unit and 
the data stored in said database; and 

(d) a data output unit for outputting a result said 
data processing unit calculates. 

The process assessment tool as defined in Claim 
1 , wherein the energy source is at least one of pri- 
mary energy sources including natural gas, heavy 
oil, light oil, lamp oil, gasoline, coal, and wood. 
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3. The process assessment tool as defined in Claim 
1 , wherein the energy source is at least one of sec- 
ondary energy sources including electrical power 
and town gas, the data of the first environmental 
load is collected based on one of: 5 

i) energy supplier basis; and 

ii) energy service area basis. 

4. The process assessment tool as defined in Claim 10 
3, wherein the data of the first environmental load 

is collected based on: 

(i) power source data collected based on one 

of energy supplier basis and energy service ar- 15 
ea basis; and 

(ii) data of a third environmental load based on 
each power source. 

5. A process assessment tool for assesses a load a 20 
manufacturing process for an industrial product 
puts on the environment, said process assessment 
tool comprising: 

(a) a database storing data of a first environ- 25 
mental load produced by consumption of a ma- 
terial; 

(b) a data input unit, into which an amount of 
consumption of a necessary material for pro- 
duction of the industrial product is entered; 30 

(c) a data processing unit for calculating a sec- 
ond environment load the manufacturing proc- 
ess produces, wherein the data entered into 
said data input unit and the data stored in said 
database are used; and 35 

(d) a data output unit for outputting a result said 
data processing unit calculates. 

6. The process assessment tool as defined in Claim 

1 , wherein the first environmental load includes da- 40 
ta of total energy consumed through stages from 
mining to use of the energy source. 

7. The process assessment tool as defined in Claim 

5, wherein the first environmental load includes da- 45 
ta of total energy consumed through stages from 
mining to use of the energy source. 

8. The process assessment tool as defined in Claim 

1 , wherein the first environmental load includes total so 
amount of at least one of environmental load mate- 
rials, the environmental load materials include car- 
bon dioxide (C0 2 ), nitrogen oxides (NOx), and sul- 
fur oxides (SOx), and are produced through stages 
from mining to use of the energy source. 55 

9. The process assessment tool as defined in Claim 
5, wherein the first environmental load includes total 
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amount of at least one of environmental load mate- 
rials, the environmental load materials include car- 
bon dioxide (C0 2 ), nitrogen oxides (NOx), and sul- 
fur oxides (SOx), and are produced through stages 
from mining to use of a raw material of the material. 

10. The process assessment tool as defined in one of 
Claim 1 and Claim 5, wherein said data output unit 
further shows calculation results for each process, 
which constitutes said manufacturing process, in a 
visual form. 

11. The process assessment tool as defined in Claim 
10, wherein said data output unit further shows a 
second environmental load increasing step by step 
by undergoing said each process in a cumulative 
graph. 

12. The process assessment tool as defined in Claim 
10, wherein said each process are divided into 
classes, said data output unit further shows a sec- 
ond environmental load in a split graph, each part 
area of the split graph is proportional to amount of 
the second environmental load of each of the class- 
es. 

13. The process assessment tool as defined in Claim 
10, wherein said data output unit further shows ra- 
tios of a plurality of second environmental loads pro- 
duced in said each process vs. total amount of en- 
vironmental loads in respective manufacturing 
process in the graph independently. 

14. A method for a process assessment for an industrial 
product assessing a load a manufacturing process 
puts on the environment, by using a database stor- 
ing data of an environmental load corresponding to 
each energy source, whose consumption produces 
the environmental load, said method comprising the 
steps of: 

(a) entering a condition of said manufacturing 
process for the industrial product; 

(b) calculating a second environmental load 
said manufacturing process produces, with the 
condition and data of a first environmental load 
stored in said database; and 

(c) displaying a result said step (b) calculates. 

15. The process assessment method as defined in 
Claim 14, wherein the energy source is at least one 
of primary energy sources which comprises natural 
gas, heavy oil, light oil, lamp oil, gasoline, coal, and 
wood. 

16. The process assessment method as defined in 
Claim 1 4, wherein the energy source is at least one 
of secondary energy sources wh ich comprises elec- 
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trical power and town gas, the data of the first en- 
vironmental load is constructed on one of: 

i) energy supplier basis; and 

ii) energy service area basis. 

17. The process assessment method as defined in 
Claim 1 4, wherein the data of the first environmental 
load is constructed by: (i) power source data col- 
lected based on one of energy supplier basis and 
energy service area basis; and (ii) data of a third 
environmental load, wherein the data is constructed 
on power source basis. 

1 8. A method for a process assessment for an industrial 
product assessing a load a manufacturing process 
puts on the environment, by using a database stor- 
ing data of an environmental load produced when 
a materia! is consumed, said method comprising 
the steps of: 

(a) entering an amount of consumption of a 
necessary material for production of the indus- 
trial product; 

(b) calculating a second environmental load 
said manufacturing process produces, with 
said amount of consumption of the material and 
data of a first environmental load stored in said 
database; and 

(c) displaying a result said step (b) calculates. 

19. The process assessment method as defined in 
Claim 14, wherein the first environmental load in- 
cludes data of total energy consumed through stag- 
es from mining to use of the energy source. 

20. The process assessment method as defined in 
Claim 18, wherein the first environmental load in- 
cludes data of total energy consumed through stag- 
es from mining to use of the energy source. 

21. The process assessment method as defined in 
Claim 14, wherein the first environmental load in- 
cludes total amount of at least one of environmental 
load materials, the environmental load materials in- 
clude carbon dioxide (C0 2 ), nitrogen oxides (NOx), 
and sulfur oxides (SOx), and are produced through 
stages from mining to use of the energy source. 

The process assessment method as defined in 
Claim 1 8, wherein the data of the first environmental 
load includes total amount of at least one of envi- 
ronmental load materials, the environmental load 
materials include carbon dioxide (C0 2 ), nitrogen 
oxides (NOx), and sulfur oxides (SOx), and are pro- 
duced through stages from mining to use of a raw 
material of the material. 
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23. The process assessment method as defined in one 
of Claim 14 and Claim 18, wherein said step (c) fur- 
ther shows calculation results for each process, 
which constitutes said manufacturing processes, in 

5 a visual form. 

24. The process assessment method as defined in 
Claim 23, wherein said step (c) further shows a sec- 
ond environmental load in a cumulative graph, the 

10 second environmental load increasing step by step 
by undergoing said each process. 

25. The process assessment method as defined in 
Claim 23, wherein said each process are divided 
into classes, said step (c) further shows a second 
environmental load in a split graph, each part area 
of the split graph is proportional to amount of the 
second environmental load of each of the classes. 

2 o 26. The process assessment method as defined in 
Claim 23 : wherein said step (c) further shows a ra- 
tios of a plurality of the second environmental loads 
produced in said each process vs. the total amount 
of environmental loads in respective manufacturing 
processes in the graph independently. 

27. A computer readable storage medium containing 
program instructions for operating a computer to 
perform a method for a process assessment, 
wherein said method assesses a load a manufac- 
turing process puts on the environment by using a 
database storing data of an environmental load cor- 
responding to each energy source, whose con- 
sumption produces the environmental load, said 
method comprising the steps of: 

(a) entering a condition of said manufacturing 
process for the industrial product; 

(b) calculating a second environmental load 
said manufacturing process produces, with the 
condition and data of a first environmental load 
stored in said database; and 

(c) displaying a result said step (b) calculates. 

28. The computer readable storage medium as defined 
in Claim 27, wherein the energy source is at least 
one of primary energy sources which comprises 
natural gas, heavy oil, light oil, lamp oil, gasoline, 
coal, and wood. 

29. The computer readable storage medium as defined 
in Claim 27, wherein the energy source is at least 
one of secondary energy sources which comprises 
electrical power and town gas, the data of the first 
environmental load is constructed on one of: 

i) energy supplier basis; and 

ii) energy service area basis. 
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30. The computer readable storage medium as defined 
in Claim 27, wherein the data of the first environ- 
mental load is determiningd on a basis of: (i) power 
source data collected based on one of energy sup- 
plier basis and energy service area basis; and (ii) 
data of a third environmental load, wherein the data 
is constructed on power source basis. 

31 . A computer readable storage medium wherein said 
method assesses a load a manufacturing process 
for a industrial product puts on the environment by 
using a database storing data of an environmental 
load produced when a material is consumed, said 
method comprising the steps of: 

(a) entering an amount of consumption of a 
necessary material for production of the indus- 
trial product; 

(b) calculating a second environmental load 
said manufacturing process produces with the 
amount of consumption of the material and data 
of a first environmental load stored in said da- 
tabase; and 

(c) displaying a result said step (b) calculates. 

32. The computer readable storage medium as defined 
in Claim 27, wherein said computer makes said pro- 
gram perform a method for a process assessment, 
wherein the first environmental load includes data 
of total energy consumed through stages from min- 
ing to use of the energy source. 

33. The computer readable storage medium, as defined 
in Claim 31 , wherein the first environmental load in- 
cludes data of total energy consumed through stag- 
es from mining to use of the energy source. 

34. The computer readable storage medium as defined 
in Claim 27, wherein the first environmental load in- 
cludes total amount of at least one of environmental 
load materials, the environmental load materials in- 
clude carbon dioxide (C0 2 ), nitrogen oxides (NOx), 
and sulfur oxides (SOx), and are produced through 
stages from mining to use of the energy source. 



35. The computer readable storage medium as defined 
in Claim 31 , wherein the first environmental load in- 
cludes total amount of at least one of environmental 
load materials, the environmental load materials in- 
clude comprises carbon dioxide (C0 2 ), nitrogen ox- 
ides (NOx), and sulfur oxides (SOx), and are pro- 
duced through stages from mining to use of a raw 
material of the material. 
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es, in a visual form. 

37. The computer readable storage medium as defined 
in Claim 36, wherein said step (c) further shows a 
second environmental load increasing step by step 
by undergoing said each process in a cumulative 
graph. 

38. A computer readable storage medium as defined in 
Claim 36, wherein said each process is divided into 
classes, said step (c) further shows a second envi- 
ronmental load in a split graph, each part area of 
the split graph is proportional to amount of the sec- 
ond environmental load of each of the classes. 

39. A computer readable storage medium as defined in 
Claim 36, wherein said step (c) further shows ratios 
of a plurality of second environmental loads pro- 
duced in said each process vs. total amount of en- 
vironmental loads in respective manufacturing 
processes in the graph independently. 
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36. The computer readable storage medium as defined 
in on of Claim 25 and Claim 31 , wherein said step 
(c) further shows calculation results for each proc- 
ess which constitutes said manufacturing process- 
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FIG. 6 
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FIG. 7 
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FIG. 8 

1) Emissions by electricity (per 1kWh) 

Emissions 

Electric power Co. C0 2 SOx NOx 
(g/kWh) (g/kWh) (g/kWh) 



A Co. 


490 
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BCo. 
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0.60 


0.63 


CCo. 
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0.53 


0.45 


DCo. 


480 


0.50 
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ECo. 


470 
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0.42 


FCo. 


330 


0.31 


0.32 


GCo. 


770 
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0.55 


HCo. 
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1000 
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2) Emissions by natural gas (per 1Nm 3 ) 

(g/Nm 3 ) (g/Nm 3 ) (g/Nm 3 ) 

2290 1 .29 2.34 
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FIG. 10 
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